
ER14167 

SUNFLOWER i 

SOLAR TEST 
SWPLEMENI: 1 

% 

SEPTEMBER 1960 

n R a m o  W o o l d r i d g e  I n  I m p s o  C 



T A P c o G R o u P A Thompson Ratno Wooldridge lnc. 

TADLE OF CONTLNTS 

1. Introduct,ion 

3 .  Summary 

3. Technical Discussion 

A. So la r  Constant Hequirements 

B. Proposed Increase of Scope 

C:. 

0. 

Description of Existing SPUD Rig 

Plodifications t o  Existing SPUD Rig 

4. Proposed Program 

5. Preliminary Statement of Work 

6. Proposed Schedule 

1 

1 

2 

2 

3 

5 

5 

6 

7 

17 



T A P eo G R o u P A IBornpson Run0 Wooldfidga lnc. 

L'. 11167 l l t t  ~ , l I I l L T l t .  2 

I 1. Introdiic Lion 

I T h j  s En? i ncori n[, I el1ort; pre:xnt,s ~1 proposal t o  expand t,hc :jCoI)o of 
tho S u n f l o w r  r l w c ~ l o j w n t  pq,rarii  t o  iricludc s o l a r  component and sys tcrn t e s t j  IIC. 

The  Smfl o w r  p 1 ~ p o ~ a 1 ,  Contract N G  5-462, provides f o r  a development 
It is program which i s  d c s i p c d  t o  occoiiplish the Sunflower Pi'oLrarn ob jcc t ivas .  

recoLni zed, horwver, t h a t  t hc rc  are  several supplemzntnl program e f f o r t s  which 
could bo employed t o  increase  the confidcnce of meeting the  pcrfoimance and r e l i -  
n b i l i  t j  ob jec t ives  on schedule. 
any systeni dcvolopllcnt program. They include; p a r a l l e l  dovelopmnt programs i n  
c r i t i c a l  componcnt a reas ,  increased dcvelopmantal and r e l i a b i l i t y  t e s t i n g ,  g r e a t e r  
provis icn  f o r  conciirrcnt corriponent and system devclopmont e f f o r t ,  c t c .  

Such supplementc?l e f f o r t s  a re  c h a r a c t c r i s t j  c of I 

I 
This  proposal urges the  expansion of t h e  Sunflower development program 

I t o  include s o l a r  component and system t e s t i n c .  
b i l i t y  of t h i s  proposal have r e su l t ed  f rom t h e  r ed i r ec t ion  of WAIJD's  SPUI) program 
a t  Thompson lcimo Mooldridge Inc , 
l i z e  the  s o l a r  t e s t  r i g  t o  t P s t  t h e  SPUD System. 
SPUD r i g  and equipment ava i l ab le  t o  Thompson Iamo Wooldridge Inc. and Tho National 
Aeronautics and Space Administration t o  support t he  Sunf lover  Program. 

both t h e  p o s s i b i l i t y  and advisa- 

This red i rec t ion  has e l iminated plans t o  u t i -  
WADD has, therefore ,  made the 

~ 

I The proposed program w i l l  allow d i r e c t  ex.perinionta1 determination of 
I f u l l  s c a l e  c o l l e c t o r  energy ef f ic iency ,  and w i l l  provide invaluable  developmental 

and ope ra t iona l  experience through system t e s t i n g  on s o l a r  energy. 

H schedule has been developed t o  accomplish the  in t eg ra t ion  of t h e  Sun- 
I 
I Sunflower design. 

f lower  s o l a r  t e s t  program t o  provide tes t  r e s u l t s  which can be f ac to red  i n t o  the 

2. Summary 

The following sec t ions  present  detailed f a c t o r s  r e l a t ed  t o  accornplishing 
the  s o l a r  t e s t i n g  of t h e  Smflower c o l l e c t o r  and the  Sunflower Power Conversion 
System. The major program provis ions are descr ibed below. 

h .  Long Focal  LenEth Collector  Tests 

backup c o l l e c t o r  having a seventeen foot. focal  length.  
f o o t  c o l l e c t o r  i s  chosen f o r  two reasons. 
i n t e rcep ted  power is i n  t h e  range of that expected i n  operat ion 
while i n  o r b i t ;  and t h i s  s i z e  corresponds c lose ly  t o  t h a t  required 
i n  a poss ib le  Nars mission of Sadlower .  

The SPUD r i g  w i l l  be modified t o  accept  a f o r t y  f o o t  diameter 
The f o r t y  

The r e s u l t a n t  t o t a l  

The "backup" s o l a r  coll.cctor w i l l  be f ab r i ca t ed  similar t o  the  
prescnt  SPUD c o l l e c t o r  t o  be  capable of maintaini.ne s h a p  i n  s p i t e  
of wind loadings and g forces .  It w i l l  a1.90 provide protec t ion  
and support  f o r  subsequent Sunflower prototype c o l l e c t o r  t e s t s ,  
The backup forty foot diameter c o l l e c t o r  w i l l  be vacuum inctai l ized 
and t e s t e d  op t i ca l ly .  



T A P C 0 G R 0 U P A mOmPson RUnO Wooldridga lnc. 

Page 2 
EH 1~167 I 

I 

P ,  Syetem Testa 
Af t e r  coriipletion of the o p t i c a l  t e s t  of the  f o r t y  f o o t  

c o l l e c t o r ,  t h e  bunflower PCS S/N 1 w i l l  be i n s t a l l e d  f o r  collec- 
tor-system t e s t a .  
t e s t i n g  i n  Cleveland and w i l l  be made available by the completion 
of S/N 2 f o r  development tes t ing .  

The PCS w i l l  hirve been subjected t o  development 

C. Prototype Sunflower Collector Teets  
h prototype Sunflower c o l l e c t o r  w i l l  be f ab r i ca t ed  and made 

ava i l ab le  f o r  o p t i c a l  t e s t s .  
the  backup c o l l e c t o r  f o r  environmental protect ion.  Testa of %hie 
prototype c o l l e c t o r  w i l l  provide checkout of t h e  c o l l e c t o r  op t i c s  
by d i r e c t  energy measuraments 

This  c o l l e c t o r  w i l l  be placed i n s i d e  

The following sec t ions  include a technica l  discussion of the f e a s i b i l i t y  
and a t t r a c t i o n  of the  proposed con t r ac t  supplement, a proposed supplemental s t a t e -  
ment of work and the proposed Sunflower supplemental development program schedule. I 

I 

3. Technical Discussion 

A. The s o l a r  a l t i t u d e  may be equated t o  dec l ina t ion ,  l a t i t u d e  and 
time of day as follows: 
Sin H = Sin D sin L +cos D cos L cos (360 - e) 
Where H = s o l a r  a l t i t u d e  - degrees 

D = s o l a r  dec l ina t ion  - degrees 
(U = C23 1/20 on June 21 

L o l a t i t u d e  - degrees (North C )  
8 t angular  equivalent  of time before o r  a f te r  

l o c a l  s o l a r  noon - degrees 
( 1  hour = 15O) 

00 a t  equinox - 23 1/20 on Dec. 21) 

Figure 1 is  a p l o t  of these parameters f o r  Los hngeles, Cal i fornia  
( l a t i t u d e  = + 3b0) 

Figure 2 is  a p l o t  of s o l a r  constant  a t  t he  sur face  of the  e a r t h  
as a func t ion  of s o l a r  a l t i t u d e  on a c l e a r  day. 

The required s o l a r  constant f o r  t e s t  of t h e  Sunflower System may 
be est imated as follows: 

Cavity input  power requirements 
(no excess power f o r  L ~ H  melting) 
Preg'd = pHg' sub + prerad 4- Pconvection + Pinsula t ion  

PHg 
32.98 Kw - design poin t  
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Sol iir cons t,nnt raquirod, 
( a )  40 f o o t  dinmcter c o l l e c t o r  
3Ivg P = 59.0 Kw - L .052 Lw/ft2 

- rT (I,@ -9.52) 
4 

(b)  32.2 f o o t  diameter c o l l e c t o r  
60 = .081 Kw/ft2 

These minimum s o l a r  cons tan t  requirements m y  be co r re l a t ed  w i t h  
Figures  2 & 1 t o  y i e l d  Figure 3 which shows useful  t e s t  hours per day versus 
season f o r  the 40 and 32.2 f o o t  co l lec tors .  Reference t o  t h i s  p l o t  shows t h a t  
a t  l e a s t  f i v e  and one ha l f  hours o f  useful  t e s t  time i s  obtainable  the  year  around 
with t h e  f o r t y  f o o t  co l l ec to r ,  and t h a t  two t o  f i v e  and one ha l f  hours per day 
a r e  usable  with the  32.2 f o o t  c o l l e c t o r  during the  period from Apr i l  t o  October. 

B, Proposed Increase of Scope 
Gne of t h e  recognized a reas  of concern i n  the  development of 

the Sunflower System i s  t h o  high cos t  of discoverinE design def i -  
c i enc ie s  i n  o r b i t .  This concern is  amplif ied by the d i f f i c u l t i e s  
involved i n  simulating o p r n t i o n n l  condi t ions during development 
t e s t s .  The two most d i f f i c u l t  condi t ions t o  simulate are "zero E" 
acce lera t ion  and coll imated s o l a r  energy , Operation of the  system 
i n  a zero g rav i ty  environment requi res  f r e e f a l i ,  b a l l i s t i c  o r  o r b i t a l  
t e s t ing .  
proposal. 
vide da ta  on system operation of the in tegra ted  c o l l e c t o r  system as 
influenced by g rav i ty  "accelerat ionn of one g i n  any d i r ec t ion  
bctwccn v e r t i c a l  and 700 from v e r t i c a l .  This  w i l l  provide important 
i nd ica t ions  of t he  s e n s i t i v i t y  of t he  system c h a r a c t e r i s t i c s  t o  
g rav i ty  ac c e lo r a t  ion. 

Such tests a r e  expensive and outs ide  the scope of t h i s  
However, u t i l i z a t i o n  of t he  SPUD r i g  as proposed can pro- 

ticcording t o  the  Southern Cal i forn ia  Chanber cf Cornmrc~  and, 
i .ncidcntal lg ,  t h e  United S ta t e s  Weather Lurexu, the combination of a 
f o r t y  f o o t  c o l l e c t o r  and Southern Cal i forn ia  sunshine will provitlo 
s u f f i c i a n t  s o l a r  energy t o  s imulate  n 32.2 f o o t  c o l l e c t o r  i n  space. 

smal le r  prototype co l l ec to r  can a l s o  operate the  system during the 
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surmner. 
the  e n t i r e  systom, including the  s o l a r  co l l ec to r ,  and t o  maintain 
performance throuLh t r ans i en t s  of encrcy supply, t rackin& e r ro r ,  
and s t a r t u p  a t  var ious  g rav i t a t iona l  d i r e c t i o n s  . 

Thus, t h e  SPUD rip, provides t h e  capab i l i t y  t o  operate  

A stronL a t t r a c t i o n  of t he  proposed supplement i s  the  oppor- 
t u n i t y  f o r  c lose r  simulation of t h e  opera t iona l  environment, 

The f i e l d  of s o l a r  concentrating systems has lacked t o  date  
information on s o l a r  co l l ec to r s  operat ing i n  the 1500-2000°F range. 
Thompson Iiamo WooldridLe Inc. p re sen t ly  is advancing the  state of 
the  a r t  i n  deployable r i g i d  c o l l e c t o r s  with the Sunflower Program. 
However, t he  Sunflower Program does n o t  present ly  program a c t u a l  
s o l a r  t e s t i n g  of a co l l ec to r ,  
col l imated l i g h t  and flux d i s t r i b u t i o n  t e s t i n g  . The contracted procram is  l imi t ed  t o  

It i s  expected t h a t  solar t e s t i n g  of t h e  co l l ec to r  and PCS w i l l  
i d e n t i f y  problems and auggest opera t iona l  improvenicnts i n  the check- 
out  and u t i l i z a t i o n  of t h e  Sunflower System by increasing the devel- 
opmental coverage i n  the following areas: 

1, Col lec tor  

a)  A co r re l a t ion  of contour analyses  with measured energy 

b) Applicat ion experience and performance determination f o r  

c )  H determination o f  p r a c t i c a l  limits on c o l l e c t o r  segment 

e f f i c i ency  performance; 

r e f l e c t i n g  materials; 

alignment . 
2. Orienta t ion  Control 

Di rec t  determination of t he  inf luence of misorientat ion 
on sys tem pe rf ormance . 

3,  Receiver-Boiler 

Determination of performance of cav i ty  type rece iver ,  
including rad ia t ion  lo s ses ,  and performance of the  hea t  
s torage  u n i t  during simulation of sun-shade operation. 

4. Rankine Cycle components 

a )  Demonstration of system opera t iona l  i n t e g r i t y  w i t h  the  

b) Determination of t h e  inf luence of the d i r ec t ion  of t he  
s o l a r  c o l l e c t o r  and power conversion system combined. 

g r a v i t a t i o n a l  force on system performance , 

*khen t h e  c o s t  of one o r b i t a l  disappointmsnt i s  compared with the 
cos t  of the  proposed incremental improvement i n  developmental s imula-  
t i on ,  t he  value of the  proposed supplement is apparent. 
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c. Descript ion of Existint;  SPIlD hig 

and s o l e r  t rackinc  syetom WDE~ t o  provide a simple rwged  poai- 
t i on inc  base f o r  t he  c o l l e c t o r  and power conversion Bystom. 
Several  mounting method8 were considered f o r  the  SPUL) design, 
including equa to r i a l  and alt i tude-azimuth types e 

The design concept u t i l i z e d  i n  the SPUD c o l l e c t o r  mount 

The alt i tude-azimuth tracking system was chosen f o r  SPUD i n  

1. 
2.  

3.  

preference t o  the equator ia l  mount f o r  s eve ra l  reasons: 
Construction is comparatAvoly simple . 
The c o l l e c t o r  and powor conversion system may be loca ted  
c l o s e r  t o  the  &round affording ea80 of accegs and she l te r ing .  
The t racking system need only be leve led  to  the  e a r t h  
regard less  of l a t i t u d e ,  whereas an equa to r i a l  mount requi res  
the  polar  axis t o  be adjustable .  

The SPUD r i g  as  modified f o r  Sunflower t e s t i n g  is shown i n  Fiy,ure 4. 

The c o l l e c t o r  mount is constructed of conventional s t r u c t u r a l  
s t e e l  sec t ions .  
A m i l i t a r y  tank t u r r e t  race r ing  and r ing gear  is  a t tached  t o  the  
base. 
r o t a t e  about the v e r t i c a l  ax i s  t o  t r a c e  the  sunls azimuth. 
t o  t h i s  platform is the  c o l l e c t o r  mounting frame. 
the ~ u n l s  a l t i t u d e  r e l a t i v e  t o  t h e  horizon. 
frame mppor t s  a f ab r i ca t ed  r ing  which supports  the  c o l l e c t o r  as wel l  
as t h e  power conversion system. 

The mount c o n s i s t s  of a primary Wt type base frame. 

k platform is at tached t o  the  race r ing  and can, therefore ,  
Hinged 

This ad jus t s  f o r  
The c o l l e c t o r  mounting 

The s o l a r  power conversion system or i en ta t ion  dr ive  u t i l i z e s  
e l e c t r i c  motors and mechanical speed reduct ion equipment. 
motors and speed reducers were se l ec t ed  t o  provide the required 
funct ions.  
t o  t he  tank race r ing.  
speed reducer, and screwjacks which are dr iven  by a chain dr ive  from 
the reducer,  Ilanunl operation of each t racking  funct ion is accomplished 
by Jog switches. A simple o p t i c a l  alienmcnt device is provided t o  . 
mount on tha c o l l e c t o r  frame in such a illanner t h a t  an observer may 
con t ro l  the  alignment. 

Stock 

The aaimuth dr ive c o n s i s t s  of a gear  motor pinion dr ive  
The a l t i t u d e  dr ive  consiarts of a small motor, 

Present  S t a tue  

c o l l e c t o r  cen te r  d i sh ,  
bled.  
Figure 5 .  

Modifications t o  Exis t ing SPUD Hie 
r i g  was o r i g i n a l l y  designed t o  t rack the sun within + 50 by the  use 
of A.C.  d r ive  motor5 and jog switches. 
rece iver  concept operates  a t  a higher concentration r a t i o  than was 
intended f o r  SPUI), t h u s  i s  more s e n s i t i v e  t o  t racking  er rors .  

The SPUD r i g  cur ren t ly  is assembled t h r o w h  mounting of t he  
The e leva t ion  and azimuth d r ives  are assem- 

The cu r ren t  physical  s t a t u s  is  shown I n  the photographs of 

D. 
The  Sunflower S o l a r  Test  hie is shown in F i g u r e  h. The SPUD 

However, the-Sunflower cavi ty  
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The proposed modification t o  the e x i s t i n g  r i g  t o  improve 

1. 
2. 
3.  

s o l a r  t racking a r e  ns follows: 
hdd reinforcing member t o  the  main r o t a t i n e  platform. 
Repair t a n k  race ring bear ing t o  e l imina te  excessive play. 
Convert A . C .  - jog d r ive  motors t o  D.C. motom and con t ro l s  
t o  nperate from an error s i g n a l  generated by a s o l a r  aens- 
ing device f o r  automatic tracking. 
heplace the  ex is t ing  e l eva t ion  arm with a se l ec t ab le  length 
arm which w i l l  allow tho necessary adjustments t o  be made 
f o r  sunmer and winter t e s t i n g  without rig disassembly and 
mo d i f  i c  a t i o n  . 

4. 

The following desien changes w i l l  be made t o  accommodate t h e  
Sunflower Sys temr 

1. 

2. 

3. 

4. 

5. 

To 

An-adapter sec t ion  w i l l  be added t o  allow f o r  attachment of 
the Sunflower c o l l e c t o r  and PUS and t o  provide f o r  support- 
ing t r u s s  r ibs .  
Honeycomb r i b s  w i l l  be added t o  provide a backup s t r u c t u r e  
which w i l l  a i d  i n  c o l l e c t o r  assembly and r e s t r i c t  de f l ec t ion  
during wind loading . 
Provisions w i l l  be incorporated f o r  mounting both the  f o r t y  
f o o t  diameter backup c o l l e c t o r  and the Sunflower prototype 
co l l ec to r .  
A base s t r u c t u r e  is provided f o r  t h e  mounting of t he  power 
conversion system t o  the  adapter  sect ion.  
Move t h e  physical l oca t ion  of t he  r i g  t o  c lear  the  adjacent  
bui lding w i t h  the f o r t y  f o o t  diameter paraboloid i n s t a l l e d .  

ob ta in  more t e s t ing  time during t h e  winter  months in Cal i for-  
i s  des i rab le  t o  increase t h e  length of the  e leva t ion  arm t o  nia, it 

accommodate t e s t i n g  with t h e  f o r t y  f o o t  c o l l e c t o r  a t  a s o l a r  a l t i -  
tude of 20°. 

Provis ion w i l l  a l s o  have t o  be made t o  give the  system a ground 
clearance 2 1/2  f e e t  i n  excess of t h a t  shown on Figure 4 because of 
the  20° a l t i t u d e  alignment pos i t i on  of the  system. 

4. Proposed Program 

The proposed program is presented graphica l ly  in Figure 6. Heference t o  
t h i s  f i g u r e  ind ica t e s  the t a s k s  and the  chronological  o rde r  in .which they are to 
be performed. 

The i n i t i a l  e f f o r t  s h a l l  be d i rec ted  toward accompld.shing the  required 
redesign and modification of cont ro ls ,  instrumentation, and r i g  t o  operate  the  
Sunflower System. 
h g  of t h e  sun. 
of the  Sunflower Power (;onversion System i n s t a l l a t i o n  upon the  r i g  due t o  s h i f t s  
i n  loca t ion  of the  b o i l e r ,  condenser, co l l ec to r  and system hardware. 
accu ra t e ly  t r ack  t h e  sun within + l/ho, t h e  r i g  w i l l  be modified t o  reduce deflec- 
t i o n s  and backlash. This modifiyation s h a l l  also provide the  capab i l i t y  of accept- 
ing the  Sunflower Power Conversion System f o r  combined c o l l e c t o r  and PCS t e s t ing .  

k f o r t y  f o o t  backup paraboloid w i l l  be f ab r i ca t ed  of the  f i b e r g l a s s  and 
This  s t ruc tu ro  w i l l  be formed 

The SPUD r i g  s h a l l  be modified t o  provide f o r  automatic track- 
This  task w i l l  involve a d e t a i l e d  study t o  determine the  e f f e c t s  

ALSO, t o  

honeycomb cons t ruc t ion  used i n  the  SPUD co l l ec to r .  
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on the  Sunflower prototype col3.ector mold and w i l l  have adequate s t r eng th  t o  
withstand t h e  t e s t i n g  environment of wind, and ‘lo1’ forces .  
of t h i s  s t r u c t u r e  w i l l  be vacuum nietall ized and have t h e  capab i l i t y  of beint; used 
as a f o r t y  f o o t  diameter, seventeen f o o t  foca l  length  co l l ec to r .  
c o l l e c t o r  is  s e l e c t e d  t o  approxinnte the  hea t  flux input  a t  the  b o i l e r  cav i ty  
expected i n  o r b i t a l  sun operation. 
i n s t a l l e d  i n  the  solar t e s t  r i g  and checkout and o p t i c a l  t e s t s  s h a i l  be conductea. 
Test ing of t he  c o l l e c t o r  s h a l l  include o p t i c a l  t e s t i n g  t o  determine o p t i c a l  eff i -  
ciency and t a r g e t  f l u x  d i s t r i b u t i o n  as 8 funct ion of concentrat ion r a t i o  and 
misor ien ta t  ion. 

The inne r  su r i ace  

The fo r ty  f o o t  

The heavy duty f o r t y  f o o t  c o l l e c t o r  p r i l l  be 

A complete Sunflower Power Conversion System w i l l  be i n s t a l l e d  i n  t h e  
The instrumentat ion s h a l l  be s p e c i f i c a l l y  redesigned t o  account f o r  t he  r i g .  

effects  of changing l i q u i d  head on t h e  recorded date ,  

The primary objec t ives  of t he  Sunflower System t e s t s  on the  SPUD r i g  
w i l l  be directed a t  demonstrating system opera t iona l  i n t e g r i t y  with the  combined 
s o l a r  c o l l e c t o r  and power conversion Rystem. 
t h e  inf luenco of misorientat ion on system performance, and the  e f f e c t  of t ravi ta-  
t i o n a l  fo rce  on system operation. 
continuous sun and c y c l i c  sun-shade conditions.  
re-ready f o r  s t a r t  s h a l l  be demonstrated. 

Tests w i l l  be conducted t o  determine 

Tes t  conditions w i l l  be imposed t o  simulate 
uystem s t a r tup ,  shu t  down, and 

After the  completion of t h i s  system te s t ing ,  a Sunflower protot$-pe s o l a r  
c o l l e c t o r  w i l l  be i n s t a l l e d  within t h e  backup s t ruc tu re ,  and a complete co l l ec to r  
checkout similar t o  t h a t  descr ibed above f o r  the  f o r t y  f o o t  c o l l e c t o r  w i l l  be 
performed . 

The ground checkout system otherwise required i n  the  Sunflower cont rac t  
s h a l l  be employed to operate  the  system during the  development t e s t s .  
o u t  sys;tem s h a l l  be constructed with as many of t h e  SPUD aux i l i a ry  and instrurnen- 
t a t i o n  components as can f e a s i b l y  be used in synthesizing a system t o  operate  
Sunflower. 
dynamic recorders ,  temperature loggers, gages, tranducers,  and similar type hard- 
ware. h l i s t  of the  usable equipment f r o m  t h e  SPUD Program and assumed ava i lab le  
t o  t h e  proposed Sunflower supplement is included i n  the c o s t  attachment. 

It i s  intended t o  use PCS S/N 1 8 s  the  system t o  be i n s t a l l e d  i n  the  

This  check- 

Of p a r t i c u l a r  i n t e r e s t  i n  the u t i l i z a t i o n  of SPUD equipment a r e  the  

s o l a r  t e s t  r ig .  This  hardware w i l l  be employed f o r  i n t eg ra t ed  t e s t i n g  with both 
the f o r t y  f o o t  heavy duty c o l l e c t o r  and subsequent tests with t h e  protlotgpe Sun- 
f lower  c o l l e c t o r .  It has been assumed tha t  the  equivalent  of one s e t  of major 
components w i l l  be required as spares f o r  PCS S/N 1 t o  accomplish the t o t a l  s o l a r  
t e s t  program. 

5. Prel iminary Statement of Work 

Th i s  s ec t ion  contains  the  proposed supplemsntbl statexlent of work. It 
has  been prepared i n  the form of a contract; suppl.ement t o  NnS 5-462 and is based 
on the  acceptance of t he  modifications proposed b j  l e t t e r  of August 27, covering 
t h e  l i t h i u m  hydride p rope r t i e s  supplement. 

kmend H r t i c l e  1 (a)  of the  Schedule by addinc t h e  followjng a t  the  end 
of the  subparagraph e n t i t l e d  Phase I thereof i 
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In  tho same artic1.e a t l r l  t o  P11a:jc I1 t h e  foil.otlinl;: 
0. 

9. 

10. 

l)i?slt;n morlificat:ions s h a l l .  bc made t o  tho SPUD r i C  t o  riccept A 
backup structure! and S ~ n f l . n ~ ? r  S o l a r  (;ol.lector. 
The t)i,icltup s t r u c t u r e  shi l l  be i n s t a l l e d  and o p t i c a l  t e n t s  of the 
S:inf lowcr col-lec Lor perf ornied on the  modified r i C .  
The ground checkout sys t em t o  he u t i l i z e d  w i t h  t e s t s  on the  potrer 
convcrsiori system s o l a r  tes t  s h a l l  be desi tned and f ab r i ca t ed .  
Tnt.cLrated syr; tcci tests w i t h  t he  Sunflower co l l ec to r ,  potrer con- 
vers ion systeni, rind t rowid checkout equipment s h a l l  be conducted. 

Amcnd Ar t i c l e  1 (b) of the Schedule by de le t ing  the  fou r th  paraLraph 

In  addi t ion ,  upon request  of NASA, 8 t o t a l  of e i t h t  t o p i c a l  repoi-bs, 
thereof  and adding the follow in^ p m t r a p h  a t  the  end: 

t e l e type  r epor t s  and s p e c i a l  a n a u s e s  s h a l l  be provided. 
r epor t s  s h a l l  be a r e l i a b i l i t y  ana lys i s  subniittcd w i t h  de l ivery  of t he  two f l i g h t  
prototypes,  
p rope r t i e s  of l i t h ium hydride described in  Exhibi t  U, paragraph 111, thereof . 
A t h i r d  t o p i c a l  r epor t  s h a l l  be submitted on the r e s u l t s  of the o p t i c a l  and in t e -  
g ra t ed  potrer conversion systoni t c s t i n c  on t h e  SI'UD r i g .  
submitted within t h i r t y  days a f t e r  completion of t h e  re levant  development t e s t  
e f f o r t .  

One of the  t o p i c a l  

k second t o p i c a l  r epor t  s h a l l  cover the  i n v e s t i t a t i o n  of thermal 

T h j s  r epor t  s h a l l  be 

A r t i c l e  (2)  
I n  t he  f irst  l i n e  change 4,117,680 t o  read  >,OhO,Li32 . 
In  the  second l i n e  chance 254,730 t o  read 319,330 . 
In the  t h i r d  l i n e  chawe b,372,h18 t o  read M 5 9 , ' / 6 y .  

Exhib i t  €3, amend paracraph 10 as follows: 
10, Ground Checkout System 

This  t a sk  covers tho  desikn and procurement of the system 
required t o  provide prelaunch checkout of the Sunflower I S,ystem, 
This  a c t i v i t y  is  c lose ly  r e l a t ed  t o  the  dcs i tn  and f a b r i c a t i o n  of 
the acceptanco t e s t  f a c i l i t y  and the  f a c i l i t y  which w i l l  be 
ernpioyed t o  operate  t h e  Sunflotrer s o l a r  t e s t s .  
system i s  e s s e n t i a l l y  a des i tn  adaptat ion of these f a c i l i t i e s  f o r  
f i e l d  use. 

The deniLn of t h i o  

Phase I 

with as many of t he  SFUD auxi l ia ry  and instrumentation coiiponents 
as can f e a s i b l y  be used i n  sgnthesixing t h i s  system. 

H ground checkout system s h a l l  be desiLned and constructed 

Phase I1 
Construct and operate t h e  140 f o o t  c o l l e c t o r  and power conver- 

s i o n  system t e s t s  w i t h  ground checkout system. 

system tho jrnproverncnts and modifications cnined from the  Sunflower 
o o h r  t e s t  system. 

Incorporate i n t o  the  deciLn of the Smfl-otrer ground checkout 
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as a r e s u l t  of t h e  p a r t i a l  completion of t he  o r i g i n a l  SPUD 
Contract (AF 3 e t c . )  with M D D  of t h e  United S t a t e s  A i r  Force. 
The r i g  w i l l  be modified t o  accept  a backup s t r u c t u r e  c o l l e c t o r  
and a Sunflower c o l l e c t o r  f o r  o p t i c a l  testinC; and u1tir:iately f o r  
s o l a r  t e s t i n g  of the Sunflower Power Conversion System. 

This  program s h a l l  cons is t  of approx imte ly  eighteen months 
a c t i v i t y .  The r e s u l t s  of the o p t i c a l  and system t e s t i n k  a ra  t o  
be fac tored  i n t o  the  ciesi.Cn modifications of Sunflower i n  order  
t o  arrive a t  t he  most r e l i a b l e  o v e r a l l  system f o r  de l ivery  t o  NASA. 

The cont rac tor  s h a l l  complete the  s o l a r  t e s t  prograul d u r i w  
Fhases I, 11, and I11 of the Sunflower Program. 
completed i n  each phase a r e  out l ined  below: 

Tasks  t o  be 

Phase I 
1. Design s tudy and modification w i l l  be made t o  SAW r i g  

t o  prepare f o r  the autornatic t racking and system t e s t ing  
which is t o  be accomplished during Phase I and 11. 

Phase If; 
-1. The ground checkout system s h a l l  be designed and f ab r i ca t ed  

t o  operate  the  system and monitor system performance. 
h backup paraboloid s t r u c t u r e  and a prototype Swflotrer  
c o l l e c t o r  shall be f ab r i ca t ed  f o r  in tegra ted  t e s t ing  on 
the modified Sunflower s o l a r  t e s t  r i g .  
Spare major components of t h e  power conversion system 
s h a l l  be fabr ica ted  as spares  and employed with PCS 
S/N 1 f o r  system t e s t i n g  i n  the  mollified Sunflower solar 
t es t  r ig .  
Four months of system s o l a r  development t e s t i n g  s h a l l  
be completed. 

2. 

3 .  

h. 

Phase I11 
1. 
2. 
3. 

The Sunflower prototype c o l l e c t o r  s h a l l  be i n s t a l l e d .  
The Sunflower co l l ec to r  s h a l l  be o p t i c a l l y  tes ted.  
k f i n a l  r epor t  on c o l l e c t o r  and system s o l a r  t e s t i n g  
s h a l l  be submitted. 
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